A b s t r a c t .
The e x p r e s s i o n s for two-photon induced v i b r o n i c t r a n s i t i o n i n o c t ah e d r a l systems a r e d e r i v e d w i t h i n t h e independent systems model. The s e l e c t i o n s r u l e s a r e d i s c u s s e d .
I n t r o d u c t i o n
Recently a g r e a t i n t e r e s t was concerned w i t h two-photon s p e c t r oscopy of l a n t h a n i d e (111) systems [I -3 1. The experiments were performed on t h e noncentrosymmetric systems. McClure e t a l . [ 4 ] have r e p o r t e d i n a number of p a p e r s t h e v i b r o n i c s p e c t r a of t h e t r a n s i t i o n m e t a l o c t ah e d r a l compounds.
I n t h i s paper we a t t e m p t t h e problem of v i b r o n i c t r a n s i t i o n s induced by two-photon e x c i t a t i o n i n l a n t h a n i d e (111) o c t a h e d r a l compounds.
Two mechanisms of t h e electron-phonon c o u p l i n g a r e d i s c u s s e d . The s t a ti c and t h e dynamic p o t e n t i a l s produced by t h e l i g a n d s a r e changed due t o t h e v i b r a t i o n s o f complex which i n t u r n c a n i n f l u e n c e t h e e l e c t r o ni c t r a n s i t i o n s . The v i b r o n i c s e l e c t i o n r u l e s coming from both mechanisms a r e p r e s e n t e d .
Theory The p o i n t c h a r g e s on l i g a n d s produce t h e s t a t i c p o t e n t i a l where D ( t ) a r e t h e m e t a l i o n m u l t i p o l e o p e r a t o r s and T ( t ) i s d e f i n e d M L by The dynamic p o t e n t i a l i s provided by t h e d i p o l e moments induced on l i g a n d s by t h e r a d i a t i o n f i e l d
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Here 2 i s t h e l i g h t p o l a r i z a t i o n v e c t o r and aL i s t h e l i g a n d p o l a r i za b i l i t y t e n s o r .
Both p o t e n t i a l s c a n b e expended i n normal c o o r d i n a t e s around t h e e q u i l i b r i u m p o s i t i o n Qo :
where
i o n s w h i l e t h e expansion c o e f f i c i e n t s Vr a c t between t h e e l e c t r o n i c s t a t e s .

Consequently t h e t e r m r e s u l t s i n v i b r o n i c t r a n s i t i o n s . I n two-photon c a s e t h e s e t r a n s i t i o n s a r e d e s c r i b e d i n t h e l o w e s t o r d e r of t h e p e r t u r b a t i o n t h e o r y by two
terms :
Using t h e w e l l developed methods of o n e and two-photon t h e o r e t i c a l spectroscopy of t h e l a n t h a n i d e systems 151 we g e t from ( 6 ) and ( 7 ) t h e f o l l o w i n g f i n a l e x p r e s s i o n s even where t h e f i e l d -p o l a r i z a t i o n t e n s o r F (~) i s d e f i n e d by aF . The i n i t i a l and f i n a l s t a t e s <~a I and I a r e oharand F; = -a Qr a c t e r i z e d by t h e t o t a l a n g u l a r momenta J 1 J 1 and t h e i r r e p l a b e l s alf3 .
The v i b r o n i c i n t e g r a l <Q > f o r one-phonon t r a n s i t i o n w i t h i n t h e harmor n i c a p p r o x i m a t i o n i s e q u a l t o [ 4 n : where d r i s t h e c i r c u l a r f r equency of t h e r t h normal mode.
When t h e i n v e s t i g a t e d complex i s of o c t a h e d r a l symmetry o r , more genera l , it i s a c e n t r o s y m m e t r i c s y s t e m t h e e l e c t r o n i c s t a t e s have t h e def i n i t e p a r i t y . S i n c e w e c o n s i d e r t h e f -f t r a n s i t i o n s t h e ground and f i n a l s t a t e s a r e o f t h e same p a r i t y and, c o n s e q u e n t l y , U ' ' ) must b e even. Moreover an o p e r a t o r [ ( E ( I ) 6 " ) ) (m) T;' (k) -1") h a s t o t r a n s £ orm i n t h e same way a s u ' ' ) because t h e y form a s c a l a r . The t e n s o r p r o d u c t ( E " ) E ( ' ) ) (m) of t h e t r u e v e c t o r s 2 i s o f e v e n p a r i t y ( 6 ) , hence t h e Ti(k) must a l s o be symmetric u n d e r t h e i n v e r s i o n . F i n a l l y , s i n c e t h e .
T+ o p e r a t o r t r a n s f o r m s under t h e same r e p r e s e n t a t i o n a s Q r o n l y t h e even modes c a n c o n t r i b u t e t o t h e two-photon v i b r o n i c t r a n s i t i o n s .
S i m i l a r d i s c u s s i o n c a n b e c a r r i e d o v e r f o r t h e dynamic mechanism (Ff o p e r a t o r s ) .
